Objective: To study the prospective effects of post-myocardial infarction (MI) depressive disorder on health status, including self reported cardiac symptoms, disability, and health related quality of life, at 12 months after MI while controlling for cardiac condition and health status at three months after MI. Methods: Longitudinal study of a cohort of 468 adults with MI recruited from four hospitals in the north of the Netherlands between September 1997 and September 2000. Assessment of depressive disorder in the year after MI according to International classification of disease, 10th revision criteria. Assessment of health status at three and 12 months by the RAND 36 item health survey, the health complaints scale, self rated cardiac complaints, and disability. Results: Patients with post-MI depressive disorder were more likely than those without to have poor quality of life, more health complaints, more cardiac complaints, and more disability at 12 months' follow up. In multivariate analyses adjusted for cardiac condition, health status at three months, age, sex, and pre-MI depression, the prospective association of post-MI depression with poor health status remained for most of the indicators. Severity of the post-MI depression further contributed to aspects of poor health status. Conclusions: In a prospective study design, post-MI depression had strong effects on poor health status exceeding the effects of cardiac condition and its short term consequences. Efforts to improve health status after MI should therefore include standard assessment and guideline based treatment of post-MI depressive disorder.
A fter the acute treatment phase of myocardial infarction (MI) during hospitalisation, the primary treatment goal becomes improvement of health status, including cardiac related symptoms, health related quality of life (QoL), and functional status. [1] [2] [3] [4] [5] Post-MI depression may complicate this treatment goal. [6] [7] [8] In physically healthy people, depression has an effect on functioning and QoL that equals most of the common chronic illnesses. 9 In patients with a chronic medical illness depression has an additive effect on functional limitations. 10 Elsewhere, we have reported that depression is a risk factor for poor adjustment to somatic illness events in the elderly, including MI and congestive heart failure, which was reflected by poorer QoL and functional status in the year after the acute illness episode. 11 Several authors have reported associations of depression after MI with aspects of QoL and functioning. [12] [13] [14] [15] However, whether the effects of depression are independent of baseline functioning and cardiovascular disease severity and its consequences remains unclear. 15 A recent cross sectional study 1 reported that depressive symptoms were consistently associated with several aspects of poor functioning and QoL, whereas left ventricular ejection fraction (LVEF) and ischaemia were not. However, since the study did not assess the prospective effect of depression on QoL after MI, it cannot be concluded that depression is a genuine risk factor; the reverse may also be true, or depression and poor QoL may be caused by a common factor such as cardiac related physical disability. As a second limitation of that and other studies, [12] [13] [14] [15] the assessment of depression was based on self report questionnaires rather than according to formal diagnostic criteria. As a result, the possibility of a self report bias, which may be present both in the self reported QoL and the self reported depressive symptoms, cannot be ruled out and a spurious exposure-outcome association may be generated. 16 17 In the present study, we hypothesised that post-MI depression, defined as a depressive disorder according to formal diagnostic criteria after discharge from the hospital, predicts several aspects of health status-cardiac symptoms, poor health related QoL, and disability-at one year after an MI. We expected these effects to be largely independent of baseline cardiac condition, health status at three months after an MI, sociodemographic variables, and depression that was present already before the MI. In addition, we studied the relative impact of duration and severity of the post-MI depression on health status.
METHODS

Patients and setting
The DepreMI study is an observational cohort study of depression, QoL, and cardiovascular outcomes after MI. Patients entered the study after being admitted for an MI between September 1997 and September 2000. Patients were found eligible if they met two of three criteria: chest pain for at least 20 minutes, creatine kinase concentration 100% higher than normal or creatine kinase MB fraction greater than 10%; or the presence of new pathological Q wave on the ECG in at least two leads. Exclusion criteria were life expectancy of less than one year due to non-cardiovascular disease, cognitive dysfunction, not being able to speak or read Dutch, too poor physical condition according to hospital staff, and hospital admission for a reason other than MI except angina pectoris. All patients participating in the study signed an informed consent form. The study protocol was approved by the ethics committee review board at the four participating hospitals in the northern the Netherlands: University Hospital Groningen, Martini Hospital Groningen, St Lucas Hospital Winschoten, and Refaja Hospital Stadskanaal.
Measures
Sociodemographic data
Age and sex were assessed during admission. Level of education, living situation, and smoking were assessed in a face to face patient interview three months after an MI. Three levels of education were distinguished: (1) primary school as the highest level of education (low); (2) vocational training for 12-18 year olds or secondary education (medium); and (3) advanced professional training for > 18 year olds or university level of education (high).
Assessment of cardiac condition
As indicators for cardiac condition, we rated LVEF, whether the patient had a previous MI, and whether the patient had heart failure. The presence of heart failure was indicated by Killip class at admission (that is, a standardised four point clinical assessment of the degree of heart failure based on pulmonary rales and radiography, divided as class > II or , II). LVEF was assessed by nuclear method, gated single photon emission computed tomography (SPECT), wall motion score index, magnetic resonance imaging, angiography, or clinical judgment by the treating cardiologist and dichotomised as > 40% or , 40%. For the patients (267 of 421 (63.4%)) for whom we had LVEF scores based on nuclear method, gated SPECT, wall motion score, magnetic resonance imaging, or angiography, the original continuous LVEF score was kept and used in a sensitivity analysis.
Assessment of depression
The presence of depressive disorder during the year after the MI was assessed with the composite international diagnostic interview (CIDI-Auto), a standardised psychiatric diagnostic interview. 18 The interview was conducted at about three and 12 months after the MI to get a valid assessment of depression during the whole year. Patients were interviewed in their home. Diagnoses were assessed according to International classification of diseases, 10th revision criteria. At the 12 month CIDI-Auto assessment, the duration of post-MI depression was estimated. We recoded the duration of post-MI depressive disorder in three categories: , 3 months, 3-9 months, and . 9 months. The severity of post-MI depressive symptoms was assessed during hospitalisation and at about three and six months after the MI with the Beck depression inventory (BDI). 19 The BDI is a widely used 21 item, self report measure of the presence and severity of symptoms of depression. Respondents are instructed to rate each symptom on a 0-3 scale, with 0 representing absent and 1-3 representing increasing levels of severity. We used the highest BDI score during follow up as an indicator of the severity of the post-MI depressive episode, categorised as 0-9, 10-19, 20-29, or . 29. In addition, we assessed whether the patient had experienced a depressive disorder before the MI. At the 12 month CIDI-Auto, the patient reported whether the emotional problems were discussed with a health care professional, whether treatment was offered, and what the treatment comprised.
Assessment of health status
Health status was assessed at about three and 12 months after the MI and consisted of the following.
Health related QoL
The RAND 36 item health survey consists of 36 items organised into eight scales assessing aspects of health related QoL. 20 21 We used the following six scales: physical functioning, social functioning, role limitations-physical, role limitations-emotional, pain, and general health. We excluded the scales mental health and vitality because of their operational overlap with depression. Each of the six scales was recoded into standardised scores with a scoring range between 0-100 (100 being optimal functioning). We used the Dutch translation, which has been developed and validated in the IQOLA (international quality of life assessment) project. 22 
Cardiac related complaints
The health complaints scale (HCS) is a self report measure focused on common health complaints of patients with coronary heart disease. 23 The HCS consists of 12 somatic and 12 cognitive complaints. For this study, to avoid overlap with symptoms included in the diagnosis of depression, we restricted the assessment to the 12 somatic items. In previous studies, 23 24 internal consistency coefficients of 0.89 and 0.91 and a test-retest reliability coefficient of 0.69 (three months interval length) were found. Also, the HCS proved to be sensitive to change in that patients who underwent rehabilitation reported a reduction of complaints compared with a control group.
We used a patient self report questionnaire, the cardiac complaints questionnaire, to assess the most prevalent cardiac symptoms (palpitations, angina, dyspnoea, and fatigue) based on the New York Heart Association classification (0, no complaints; I, complaints only when running or hurrying; II, complaints when walking normally; III, complaints present at rest).
Disability
In concordance with the work of Broadhead et al, 25 patients were asked the following in a disability days questionnaire to indicate within a time frame of the preceding month. How many days were you not able to do your daily activities (for example, your work, housework, studies, leisure activities) because of physical or emotional problems? Apart from the above, on how many days were you able to do your daily activities (for example, your work, house work, studies, leisure activities) for less than half because of physical or emotional problems? Both variables (complete disability and partial disability) were dichotomised as disability for less than one week or at least one week during the preceding month.
Data analysis
We compared patients with versus patients without post-MI depression on health related QoL, health complaints, and disability at the 12 month follow up. For continuous outcome variables with normal distributions (RAND-36 scales and HCS) we tested by means of t tests whether the groups differed significantly on outcomes; for dichotomous outcome variables (cardiac complaints questionnaire, disability), we used x 2 tests. To further study the effects of post-MI depression in relation to age, sex, cardiac condition, history of depression before MI, and health status at three months after an MI, we conducted a series of linear regression analyses for the continuous outcome variables (RAND-36 scales, HCS) and logistic regression analyses for the dichotomous outcome variables (cardiac complaints questionnaire, disability). Effect sizes were based on the corresponding adjusted unstandardised regression weights (and their 95% confidence intervals (CIs)) in the linear regression models and on the adjusted odds ratios (ORs) (and their 95% CIs) in the logistic regression models. In all analyses, we entered post-MI depression, sex, age, history of MI, Killip class, LVEF, pre-MI depression, and corresponding health status indicators at three months after an MI as forced predictors, without interaction terms. The regression weights associated with depression can therefore be interpreted as the strength of the independent effect of depression on changes in health status between 3-12 months while controlling for confounders.
Two sensitivity analyses were conducted to assess the stability of our findings. Firstly, to minimise the potential effects of self report bias due to assessment of depression and health status in the same period of time, we excluded patients with prevalent depression in the 9-12 months after MI and evaluated whether the association between post-MI depression and future health status was still present. Secondly, we minimised the possibility of suboptimal control of a baseline cardiac condition by repeating the multivariate analyses for those patients for whom LVEF was available as a continuous measure.
To study whether characteristics and treatment status of the post-MI depression further contributed to poor health status, we conducted linear and logistic regression analyses of the subgroup of patients with post-MI depression, with duration of the depressive episode, severity of depressive symptoms, and treatment status as independent variables while controlling for age, sex, history of MI, Killip class, LVEF, and pre-MI depression. For all analyses, p , 0.05 was considered to indicate significance.
RESULTS
Patient sample characteristics
A total of 1166 patients with a confirmed MI fulfilling the inclusion criteria were admitted at the participating wards. Of this sample, 284 patients fulfilled the exclusion criteria: 13 (1%) had a life expectancy less than one year for noncardiovascular reasons, 57 (5%) had poor cognitive functions, 14 (1%) were unable to speak or read Dutch, 7 (1%) had visual or auditory problems that precluded participation, 60 (5%) had an MI during hospital admission for other reasons, 44 (4%) were scheduled for follow up visits in a nonparticipating hospital, 60 (5%) had a too poor physical condition according to the hospital staff, and 29 patients (3%) died before they could be approached or decide about participation. This resulted in 882 patients whom we asked to participate in the study. We obtained informed consent from 528 patients, 468 of whom completed the psychiatric assessment. Follow up was available for 421 (90.0%) of the included patients.
On the basis of the information from the CIDI-Auto assessments, 106 respondents (25.2%) were found to have a post-MI depressive disorder during the post-MI year and 315 respondents did not. According to their BDI scores, 77 patients (72.6%) had depression classified as mild, 20 patients (18.9%) as moderate, and nine patients (8.5%) as severe. For 39 patients (36.8%) the episode lasted less than three months, for 49 (46.2%) it lasted 3-9 months, and for 18 (17.0%) it lasted for more than nine months. A total of 78 patients (73.6%) reported having discussed their problems with a health care professional and 32 (30.2%) reported having received some form of treatment, of whom 14 (13.2%) received antidepressant medication. A comparison between these groups on baseline data (table 1) showed significant differences in age, sex, smoking, depression before the MI, and health status at three months. No differences were observed regarding history of MI, Killip class, LVEF, level of education, and living situation.
Effects of post-MI depression on health status at 12 months after MI Patients with post-MI depression had a significantly poorer health status on all indicators at 12 months after the MI than patients without a post-MI depression in terms of poorer health related QoL, more self reported cardiac related complaints, and more disability (table 2) .
After controlling for age, sex, cardiac condition, and pre-MI depression, all associations with health status at 12 months follow up remained significant. Higher age, female sex, and history of MI were associated with some aspects of poorer health status, whereas the indicators of cardiac condition and being depressed before the MI in general were only marginally related. The magnitude of the adjusted effects of post-MI depression on health status was almost identical to the (unadjusted) differences between depressed and nondepressed patients in Adding the corresponding health status assessed at three months' follow up to the prediction models resulted in significant effects of post-MI depression in all indicators except for palpitations and angina, for which a nonsignificant trend was observed (table 3). The magnitude of the effects amounted to about half of those found in the analyses without controlling for health status at three months with respect to QoL and about one third with respect to somatic complaints. No reduction of the effects was found with respect to dyspnoea, fatigue, and disability.
Sensitivity analyses
Of the 106 patients with a post-MI depression, 36 (34%) still were depressed in the 9-12 months after their MI. We repeated the multivariate analyses after excluding these patients, resulting in the following estimates of the effects of post-MI depression: physical functioning, 26 1.35 to 7.47) (all multivariate ORs). Thus, all effects of post-MI depression on QoL, somatic complaints and disability remained significant, whereas the effects on cardiac symptoms were not. The addition of smoking, living situation, and level of education as potential confounders did not alter the significance and magnitude of the effects of depression.
Effects of depression characteristics on health status
In table 4, severity and duration of the post-MI depression where added to the predictive model of health status at follow up. These analyses were restricted to the subgroup of patients with post-MI depression. Severity of depressive symptoms contributed to a further reduction in QoL, increased reporting of palpitations, and more partial disability. Duration of depression was not associated with outcomes at 12 months except for angina. 
DISCUSSION
We assessed the prospective association of post-MI depression with health status in a large sample of patients after an MI. In accordance with previous reports, 1 14 we found that post-MI depression is strongly related to poor future health status and that this association is independent of cardiac condition, which was only marginally related. Since we used a prospective design that focused on depressive disorder as assessed with a formal psychiatric interview after hospitalisation and controlled for baseline cardiac condition, history of depression, and health status at three months and conducted sensitivity analyses with respect to the assessment of LVEF and post-MI depression, we conclude that this effect is specific for post-MI depression.
Elsewhere, we have reported the effects of depression before a somatic event, including MI and congestive heart failure, on adjustment after the event. Patients with preevent depressive symptoms were more likely to have a problematic course of functioning and QoL during the year after the event. 11 In the present study, we found that post-MI depression had a far more profound effect on health status than pre-MI depression. In fact, in univariate analyses we found that pre-MI depression was associated with poor health status at follow up, but in multivariate analyses this association was overshadowed by the far stronger association of post-MI depression with health status and the association between pre-event and post-event depression. The observation that a substantial proportion (43.4%) of the post-MI depressed patients had experienced a pre-MI depressive episode, however, suggests an intriguing longitudinal bidirectional association between heart disease and depression, with poor health status as outcome. The effects of post-MI depression on health status at 12 months were reduced for most of the indicators when health status at three months was added to the prediction models but remained present especially with respect to QoL and disability. This finding indicates that depression not only is associated with poor health status but also predicts changes in (aspects of) health status. On the other hand, our data suggest that previous reports that did not correct for baseline health status may have overestimated the effects of depression. 1 14 15 Similarly, for several of the health status indicators we found that the effects of post-MI depression were attenuated by depressive symptoms still present at the follow up assessment. In other words, some authors may well have overestimated the prospective effects of depression on health status because respondents had a concurrent depression that affected health status or its assessment. As an illustration, in our sample we found that one third (36 of 106) of post-MI depressed patients were (still) depressed at 9-12 months after an MI, due to a long duration of depression (18 patients) or a relatively late onset of post-MI depression (another 18 patients).
Among the limitations of the study, firstly, the considerable proportion of excluded patients during the phases of the study should be considered. The number of patients who did not give informed consent, had incomplete assessments, or were lost to follow up may have resulted in an under representation of patients with poor health status. To see whether our study was still representative of the population, we compared our data with results reported from previous studies. Generally, an estimated prevalence of 15-25% of post-MI depression is reported, so our finding of 25.2% (106 of 421) seems in line. In the existing literature, about 5% of patients died of cardiac related causes during follow up (mean 1-1.5 years). In our sample this was eight of 421 after 2.5 years (2%), which is somewhat lower. Our sample thus apparently has a more favourable prognosis than previous samples, which may be due to the participation rate or to improved care; it is not clear what influence this has had on our results. We would expect the group of patients who refused to participate to consist of patients with poor cardiac function and to be at high risk of poor health status. Excluding them would then result in an underestimation of the effect of cardiac functioning and depression on health status but not so much on the independent effect of depression on health status, which was the primary goal of the study. Secondly, since we did not have continuous LVEF scores for all patients, the adjustment for baseline cardiac condition may not have been optimal. However, controlling for LVEF as a continuous score for the patients for whom this was available (63.4%) did not alter the magnitude of the effects of depression on health status. As a third potential study limitation, we note that our health status assessments depend on self report data, which provided us with a less standardised measure of functioning than, for example, treadmill performance tests. This way a bias may have been introduced with depression colouring the patients' self reports. We limited this potential bias by adding specific measures of specific complaints (for example, palpitations) and real life events (for example, disability days) to the generic health status indices (for example, RAND-36) by assessing depression with a formal psychiatric interview instead of a self report questionnaire and, most important, by correcting for self reported health status at three months. This correction led to a reduction of the estimated effects of depression on health status but it remained present for most of the indicators. Furthermore, we performed secondary analyses excluding patients whose depression persisted until the health status assessment at 12 months after MI. We found that post-MI depression remained associated with health status at 12 months even after excluding these patients, although the magnitude of the effects was reduced somewhat.
Depression is expected to have an enormous impact on the worldwide burden of disease in the coming years. 26 The diseases with the strongest impact are predicted to be ischaemic heart diseases and major depression because of their high prevalence (about 5% of the population is depressed) and their strong effects on QoL. However, unlike patients with ischaemic heart diseases, about half of the Table 4 Multivariate effects of severity and duration of post-MI depression on health status at 12 months after MI controlled for age, sex, cardiac condition, pre-MI depression, and health status at 3 months people with a somatic illness who are depressed receive no or inadequate treatment, 27 28 despite the availability of interventions with proven efficacy. 29 30 Given the high prevalence of post-MI depression-about 15-25% of patients develop major depression in the year after an MI and a similar proportion develop minor depression [5] [6] [7] -the question becomes pertinent whether screening for depression and its subsequent treatment should become standard practice in the aftercare of MI. Of the post-MI depressed patients, only a minority were treated. The present study does show the potential gain of effective treatment of depression after MI on health status: post-MI depression was associated with a twofold increased risk of dyspnoea and fatigue, a fourfold increased risk of disability, and a 0.3-0.5 standard deviation difference on the QoL scales, corresponding to a moderate effect. 31 Of interest, in this study we assessed depression by means of a standardised psychiatric interview with patients after discharge from the hospital, which results in an estimation of the presence of a treatable disorder, rather than self reported symptoms that may be confounded by symptoms related to the MI. Also, out study shows the potential use of the BDI as an easy to administer self report screening instrument to determine the level of depressive complaints, since we found that even within the subgroup of depressed patients, the BDI score was associated with poorer health status. Still, the extent to which instruments to assess depression are applicable to depression after MI is debated. In a recent study, we found that post-MI depression consisted of two correlated symptom factors. Specifically, the dimension of self reported cognitive/affective symptoms was not related to somatic health and cardiovascular prognosis, whereas the dimension of somatic/affective symptoms was confounded by somatic health status and yet independently associated with cardiovascular prognosis. 32 Recently, sertraline was shown to be more efficacious than placebo in reducing depressive symptoms after MI 33 34 and cognitive behavioural therapy as standard treatment for post-MI depression was shown to be associated with reduced depression when compared with care as usual. 35 It is still not clear whether effective treatment of depression also improves cardiac outcomes and health status. The present study was not designed to assess the effects of antidepressant treatment on health status but we did observe some favourable nonsignificant trends in that patients receiving some form of antidepressant treatment tended to report fewer complaints and higher QoL. To examine the effectiveness of antidepressant treatment of post-MI depression, this question has to be addressed in a randomised controlled trial. Coronary air embolism after removal of central venous catheter A 39 year old woman with bronchial asthma collapsed following an acute asthma attack. She was admitted to the medical intensive care unit in status asthmaticus requiring mechanical ventilation and severe anoxic encephalopathy. On the 10th hospital day a right subclavian catheter was removed. Within three minutes severe bradycardia was noticed associated with pronounced ST elevation in the inferior wall (panel A) and prominent ST depression in L1 and avL (precordial leads are not available). The patient was placed on 100% oxygen, and in the Trendelenburg and left lateral decubitus position. ST elevation and bradycardia completely resolved within five minutes (panel B). Cardiac troponin T and creatine phosphokinase remained normal.
Air embolus during the insertion or removal of central venous catheters and positive pressure mechanical ventilation is an increasingly recognised problem. The exact frequency of this potentially fatal complication is unknown and difficult to assess. It is believed that many unexplained decompensations in critically ill patients may be attributed to air embolisation. Manifestations are predominantly respiratory, cardiovascular, and neurologic. Once suspected, patients should be placed on 100% oxygen to facilitate gas absorption and in the Trendelenburg left lateral decubitus position to prevent air migration into the pulmonary circulation and systemic embolisation. The present case probably illustrates a rather rare manifestation of air embolus into the coronary circulation resulting in severe transient myocardial ischaemia. 
